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Chemical context
Carbazole-based organic small molecules have recently attracted much interest as organic light-emitting diodes (OLEDs) because of their high stability to the redox process, as well as their high triplet energy (E T ' 3.0 eV) (Krucaite & Grigalevicius, 2019) . In particular, organic compounds bearing a carbazole group have been widely used as host materials for phosphorescent organic light-emitting diodes (PhOLEDs) due to their high thermal stability and excellent hole-transporting properties (Yang et al., 2018) . Moreover, a number of carbazole-based compounds have been developed as ligands to coordinate with heavy transition-metal ions, such as Pd II and Pt II (Fleetham et al., 2017) . Although there are a number of carbazole-based organic compounds, examples linking a bipyridine functional group to a carbazole unit are still rare. Based on previous reports, bipyridine also possesses a high triplet energy and a stable chelated coordination mode with respect to transition-metal ions, which makes it a suitable ligand for developing blue phosphorescent metal complexes (Zaen et al., 2019) . Despite this advantage, reports of crystal structures of carbazole derivatives are still scarce. This prompted us to investigate the crystal structure of carbazole derivatives bearing the bipyridine group. Herein, we describe the molecular and crystal structures of 2-[(2 0 ,6 0 -dimethoxy-2,3 0 -bipyridin-6-yl)oxy]-9-(pyridin-2-yl)-9H-carbazole, which can act as a potential tetradentate ligand for various transi- ISSN 2056-9890 tion-metal ions. In addition, the luminescence properties of the title compound were examined via photophysical analysis. Fig. 1 illustrates the molecular structure of the title compound, in which the dihedral angle between the planes of the bipyridine (N3/C18-C27/N4) and carbazole (N2/C6-C17) moieties connected by atom O1 is 68.45 (3) . In the pyridylsubstituted carbazole unit, the pyridine ring (N1/C1-C5) forms a dihedral angle of 56.65 (4) with the carbazole ring system. The two pyridine rings in the bipyridine ring system, with two methoxy substituents, are approximately coplanar, making a dihedral angle of 7.91 (13) . Short intramolecular C-HÁ Á ÁO and C-HÁ Á ÁN contacts (Table 1) , forming S(6) and S(5) rings, respectively, may contribute to the planarity of the bipyridyl ring system (r.m.s. deviation = 0.0670 Å ).
Structural commentary

Supramolecular features
In the crystal, adjacent molecules are connected by weak C-HÁ Á ÁO/N hydrogen bonds and C-HÁ Á Á interactions (Table 1 and yellow and black dashed lines in Fig. 2 Table 1 Hydrogen-bond geometry (Å , ).
Cg1 is the centroid of the C12-C17 ring. Symmetry codes: (i) x þ 1 2 ; Ày; z À 1; (ii) x À 1; y; z þ 1; (iii) x þ 1 2 ; Ày; z; (iv) x À 1; Ày þ 1 2 ; z þ 1 2 .
Figure 2
The 3D supramolecular network formed through intermolecular C-HÁ Á ÁO/N hydrogen bonds (yellow dashed lines), C-HÁ Á Á interactions (black dashed lines) andstacking interactions (green dashed lines). H atoms not involved in the intermolecular interactions have been omitted for clarity. 3D structure is stabilized bystacking interactions (green dashed lines in Fig. 2) , with a centroid-centroid distance of 3.5634 (12) Å for Cg3Á Á ÁCg4(x, Ày + 1 2 , z À 1 2 ), where Cg3 and Cg4 are the centroids of the N3-and N4-containing pyridine rings, respectively.
Luminescence properties
The photophysical properties of the title compound were analyzed using UV-Vis and photoluminescence (PL) measurements. Fig. 3 shows the absorption, solution PL and low-temperature (77 K) PL spectra of the title compound. The compound showed a strong absorption of the carbazole unit above 300 nm and of the bipyridine unit connected to carbazole below 300 nm (Belletê te et al., 2004) . The emission spectra were obtained under excitation at 280 nm. The title compound displays a narrow emission band, with max = 364 nm, at ambient temperature. However, a broad emission, with max = 470 nm, was observed at 77 K. The energy difference between the vibrationally relaxed ground and excited states, E 0-0 , which is defined as the crossing point of the appropriate absorption and emission spectra, is approximately 3.68 eV. The absorption edge of the UV-Vis spectrum was 356 nm, which corresponded to an energy gap at 3.48 eV. The triplet energy of the title compound was 2.64 eV, which could be calculated from the phosphorescent emission maximum (470 nm) of the PL spectrum at 77 K. This value was high enough to suggest the use of the host material as a green phosphorescent dopant. The triplet energy of the tris(2phenylpyridinato-2 C 2 ,N)iridium(III), or Ir(ppy) 3 , dopant is 2.40 eV and effective energy transfer from the title compound to the Ir(ppy) 3 dopant is expected. Consequently, strong absorption and a high energy gap and triplet energy make the title compound a suitable host material in organic light-emitting diode (OLED) applications.
Synthesis and crystallization
All experiments were performed under a dry N 2 atmosphere using standard Schlenk techniques. All solvents used in this study were freshly distilled over appropriate drying reagents prior to use. All starting materials were commercially Synthetic route and reagents to obtain the title compound: (i) CuI (0.1 equiv.), picolinic acid (0.2 equiv.), K 3 PO 4 (2 equiv.) and DMSO; 373 K and 72 h. Computer programs: APEX2 (Bruker, 2014), SAINT (Bruker, 2014), SHELXS97 (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) , DIAMOND (Brandenburg, 2010) , SHELXTL (Sheldrick, 2008) and publCIF (Westrip, 2010) .
Figure 3
UV-Vis absorption and photoluminescence spectra of the title compound in CH 2 Cl 2 solution.
purchased and used without further purification. The 1 H NMR spectrum was recorded on a JEOL 400 MHz spectrometer. The two starting materials, i.e. 6-bromo-2 0 ,6 0 -dimethoxy-2,3 0bipyridine and 9-(pyridin-2-yl)-9H-carbazol-2-ol, were synthesized according to a slight modification of a previous synthetic methodology reported by our group (Park et al., 2018; Fleetham et al., 2016) . Details of the synthetic procedures and reagents are presented in Fig. 4 . To a 100 ml Schlenk flask were added 9-(pyridin-2-yl)-9Hcarbazol-2-ol (1.0 g, 3.84 mmol), 6-bromo-2 0 ,6 0 -dimethoxy-2,3 0 -bipyridine (1.36 g, 4.61 mmol), CuI (0.073 mg, 0.384 mmol), 2-picolinic acid (0.094 g, 0.758 mmol) and K 3 PO 4 (1.63 g, 7.68 mmol). The flask was evacuated and backfilled with nitrogen and then dimethyl sulfoxide (DMSO; 15 ml) was then added under an N 2 atmosphere. The reaction mixture was stirred at 368-378 K still under nitrogen for 3 d. After cooling to room temperature, the mixture was poured into water (100 ml) and extracted with ethyl acetate (50 ml Â 3). The combined organic layer was dried with anhydrous Na 2 SO 4 and concentrated under reduced pressure. Purification by column chromatography (dichloromethane-hexane 1:10 and then 1:3 v/v) afforded the desired product as a white solid (yield 1.3 g, 72%). Colourless crystals of X-ray quality were obtained by slow evaporation of a dichloromethane-hexane solution (1:1 v/v) of the title compound 1, 153.2, 152.2, 151.7, 149.7, 142.4, 140.4, 140.0, 139.8, 138.7, 125.9, 124.2, 121.5, 121.3, 121.2, 120.9, 120.0, 119.1, 118.3, 115.1, 113.4, 111.2, 108.3, 104.4, 101.8, 53.8, 53.6 ; HRMS (EI): found m/z 474.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . All H atoms were positioned geometrically and refined using a riding model, with C-H = 0.95 Å and U iso (H) = 1.2U eq (C) for Csp 2 H atoms, and with C-H = 0.98 Å and U iso (H) = 1.5U eq (C) for methyl H atoms. program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: DIAMOND (Brandenburg, 2010) ; software used to prepare material for publication: SHELXTL (Sheldrick, 2008) and publCIF (Westrip, 2010) . Extinction correction: SHELXL2014 (Sheldrick, 2015) , Fc * =kFc[1+0.001xFc 2 λ 3 /sin(2θ)] -1/4 Extinction coefficient: 0.0062 (6) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (7) 0.0266 (7) 0.0077 (6) 0.0087 (6) 0.0039 (6) O2 0.0429 (9) 0.0230 (7) 0.0510 (10) −0.0008 (6) 0.0243 (8) −0.0039 (7) O3 0.0361 (8) 0.0275 (8) 0.0446 (10) −0.0009 (6) 0.0100 (8) 0.0102 (7) N1 0.0347 (9) 0.0247 (8) 0.0272 (9) −0.0012 (7) 0.0062 (7) −0.0023 (7) N2 0.0367 (10) 0.0195 (8) 0.0249 (9) 0.0020 (7) 0.0032 (7) −0.0003 (6) N3 0.0248 (8) 0.0212 (8) 0.0275 (8) 0.0015 (6) 0.0032 (7) 0.0005 (6) N4 0.0247 (9) 0.0268 (8) 0.0306 (9) 0.0009 (7) 0.0032 (7) 0.0034 (7) C1 0.0435 (13) 0.0330 (11) 0.0272 (11) 0.0016 (10) 0.0085 (9) −0.0003 (9) C2 0.0410 (13) 0.0362 (12) 0.0303 (11) 0.0063 (10) −0.0024 (10) −0.0106 (9) C3 0.0409 (13) 0.0272 (11) 0.0448 (14) −0.0027 (9) −0.0062 (11) −0.0101 (9) C4 0.0420 (13) 0.0277 (11) 0.0364 (12) −0.0074 (9) 0.0034 (10) −0.0005 (9) C5 0.0278 (10) 0.0206 (9) 0.0254 (10) 0.0023 (7) 0.0025 (8) −0.0029 (7) C6 0.0282 (10) 0.0245 (9) 0.0262 (10) 0.0008 (8) 0.0227 (9) 0.0248 (9) 0.0222 (9) 0.0009 (7) 0.0048 (7) 0.0019 (7) (9) 0.0283 (10) 0.0009 (7) 0.0088 (8) 0.0019 (7) C16 0.0249 (9) 0.0243 (9) 0.0231 (9) −0.0010 (7) 0.0043 (7) 0.0006 (7) C17 0.0248 (9) 0.0220 (9) 0.0233 (9) −0.0024 (7) 0.0058 (8) −0.0015 (7) C18 0.0256 (9) 0.0227 (9) 0.0235 (9) 0.0039 (8) 0.0016 (8) −0.0004 (7) C19 0.0330 (11) 0.0242 (10) 0.0364 (12) 0.0018 (8) 0.0099 (9) 0.0067 (8) C20 0.0398 (12) 0.0203 (9) 0.0448 (13) 0.0048 (9) 0.0109 (10) 0.0036 (9) C21 0.0297 (10) 0.0243 (10) 0.0364 (12) 0.0059 (8) 0.0096 (9) −0.0003 (8) C22 0.0223 (9) 0.0221 (9) 0.0269 (10) 0.0016 (7) −0.0002 (8) 0.0006 (7) C23 0.0226 (9) 0.0228 (9) 0.0300 (10) 0.0025 (7) 0.0018 (8) 0.0030 (8) C24 0.0246 (9) 0.0242 (9) 0.0294 (10) 0.0011 (7) 0.0014 (8) 
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